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3D-observation of matrix of MIL 090657 meteorite by 
absorption-phase tomography 

“4678 Seong, WAR, PER SSth', Swe’, HE a LY ABR. TARA Hla. 
Wes. PAX oe Uy EF, N-bY PO, Ave yyy Ady bh 
*Sugimoto Miyama', Akira Tsuchiyama’, Junya Matsuno’, Akira Miyake’, Tsukasa Nakano®, 


Kentaro Uesugi’, Akihisa Takeuchi’, Aki Takigawa', Akiko Takayama’, Keiko 
Nakamura-Messenger’, Aaron S. Burton’, Scott Messenger* 


1. RAZA bt ARE HR, 2. ERMA TAT AFRO LARP, 3. HRC SORE Y 
4—SPring-8, 4. NASAY a YY yFaRyuy— 

1. Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University, 2. AIST/GSJ, 3. 
ASRI/SPring-8, 4. NASA/JSC 


MIL 090657EBG(CR2.7)(AKBERMEECACEY TOR BRN ERRE IY KOT hO-—D CHV 
1], ParisKBG[2Q)&MATC, VRUZAZPICBESEICRANICQZENSGEMS (glass with embedded metal 
and sulfide) (CAL EFRBBRBREDRESNTWS. CHECK, COMBOVbYZAKl, HTSF 
Vid AOMKERIED SRSA (AiB1), CEMSKBULAFREBRREDORSAM(At2), BKER 
BEC OAM(SHOORASNCSY, Al, 24 BRCARMEFEL THOSE 4A KK. AtH1, 2lt 
MARPHRMOBUICK > CENEN2EROUVTIS 4 FIM CESS]. COLIBRA GAHOBRM? E 
DOOMBRRSBOMOCTS Cet, RRABKRESO)DAORE - SRBEtSASLCEECHS. 

TILE COR ClLSEMPTEMKC Kk S2RIMBICMRSONTHORA, AR CLR GAHORRMM? tn 
5 OMERRS SRTTMICHSOICT SEO, 2OCTI (DET(E], SIXM[7]) &FALYZ%EMIL 09065788 
AVh}UDAORBetIo*. DET (dual-energy micro tomography) (4, 2#OX#RL *IL¥— COMI 
IVh FAD ORM MBs RAST SAIECHY, SIXM (scanning-imaging x-ray microscopy) ld, fz IY 
KPAMREBMRIAYV KDA MRORBBHD 5 BRM £5 BEIRD ORSMAEM CES. MASHH 
Boto7re. ARMPZREVCR<, BREBE? RBC COKAEMM ORE & WAY Z SBI. 

ARCs, MIL OQOGS7RAY KY ZAORK ("100um) ZARB L potted butt% FE-SEM/EDSIc 
kU RAMICRR - DL, COMBE LICUT, FIB (FEI Helios NanoLab G3 CX) &AWTAIA1, 2RU 
EOD S 3(OCTRRA (30-50 umt1 ROAD AB, LARH1, H3, HSEMES) SER 
te. CTHRRGIS, BORSEHBERSPring-SMBL47XUICBUWT, DETICK S7 keV, SkeVCOREH (HRY 
R:740RU'80 nm) &, SIXMICK SHH (SkeV, BR X:7100nm, H3O#H) ADK. 

TOMR, AM1, 2OfHIC, H1, HSDOMRICAH4 5,62RRLKA. AiA4, 5, EOVKUDAMEI 
ROSABOAGS BREE CHMENSLBASHNS. BMAClLHULRPIDU RI SIVFIRI Tb 
BRONK., BHSIAVTRIT PREIS, SHOLIDY DERORKERESZAMICSACWR. Ath 
1, 2, 4, SICIkRROS<, SHEIIHECACHIMISHRENRDOKk. SBSH CHLTSY, 
FORDWADEICK W. BiA2, 5, SABOICMEL, RICAHOIHORHCORAMIS2eU UT 
Kk. Bl CAaM2OR RRs SOHC, COMAILCBRBRPBACEOKES BHF (5°10um) BF 
EEL, SHLE2ZORRS RTM bY v-FCULEDDE. 

DLEDKGIC, SRIGBRICKUSREAEOMAICAMWS H, MIL O90657IRGIHHORE - BRIE 
SRE CEPERENS. KBRMICB FERRERS tOAR2ROMRN CH, AW2CBKEBE 
DSRS Si (AHS, 6) OHLTTHSTEl4, SHS, CMAKBAMRICAM2C CBICRRLEDBOLBA 
5NS. HA, SHI C2OWAMLAIROR<, CHSUMHBORRMCHY, SH ABH KBSMES 
(H. EORBBOMBEKSIS Si KDA RBENS. 


[1] Davidson et al. 2015, 46th LPSC, 1603. [2] Leroux et al. 2015, GCA, 170: 247-265. [3] Cao et al. 
2016, 47th LPSC, 2427. [4] Sugimoto et al. 2016, Goldschmidt Workshop on Experimental 
Cosmochemistry, 15. [5] #AIED’. 2016, RASMR FSS Sige BSS, 161. [6] Tsuchiyamaet al. 2013, 
GCA, 116: 5-16. [7] Takeuchi et al. 2013, J. Synch. Rad., 20: 793-800. [8] Tsuchiyama et al. 2017, 48th 
LPSC, 2680. 


+—T7—-K RA RRAILY SOT. RRR. KEE 


Keywords: primitive carbonaceous chondrite, amorphous silicate, aqueous alteration 


3D-observation of matrix of MIL 090657 meteorite by 
absorption-phase tomography 


*Sugimoto Miyama', Akira Tsuchiyama’, Junya Matsuno’, Akira Miyake’, Tsukasa Nakano*, 
Kentaro Uesugi®, Akihisa Takeuchi’, Aki Takigawa', Akiko Takayama’, Keiko 
Nakamura-Messenger’, Aaron S. Burton’, Scott Messenger* 


1. Division of Earth and Planetary Sciences, Graduate School of Science, Kyoto University, 2. AIST/GSJ, 3. 
JASRI/SPring-8, 4. NASA/JSC 


MIL 090657 meteorite (CR2.7) is one of the least altered primitive carbonaceous chondrites [1]. This 
meteorite has amorphous silicates like GEMS (glass with embedded metal and sulfide), which are 
characteristically contained in cometary dust, in matrix [2,3] as with the Paris meteorite [4]. Three 
lithologies have been recognized; lithology-1 (L1) dominated by submicron anhydrous silicates, 
lithology-2 (L2) by GEMS-like amorphous silicates and lithology-3 (L3) by phyllosilicates [2]. Organic 
materials are abundant in L1 and L2 [2,3]. L1 and L2 were further divided into sub-lithology respectively 
based on their textures and compositions [5]. These studies were performed by 2D SEM and TEM 
observations of sample surfaces and thin sections that are unable to reveal what constitute each lithology 
and how these lithologies are distributed and related to each other. This information will provide 
important insights into alteration and aggregation processes on asteroids and in the early solar nebula. 

In this study, MIL 090657 matrix was examined in 3D using two types of X-ray tomography; DET 
(dual-energy tomography) [6] and SIXM (scanning-imaging X-ray microscopy) [7]. Mineral phases can be 
discriminated based on absorption contrasts at two different X-ray energies in DET. In SIXM, materials 
composed of light elements such as water or organic materials can be identified based on phase and 
absorption contrasts. By combining these methods, we can discriminate not only organic materials from 
voids but also hydrous alteration products, such as hydrated silicates and carbonates, from anhydrous 
minerals [8]. 

In this study, we first observed cross sections of MIL 090657 matrix fragments (~100 mm) in detail using 
FE-SEM/EDS. Based on the results, three house-shaped samples (30°50 mm) were extracted from L1, L2 
and their boundary (H1, H3 and H5, respectively) using FIB. 3D imaging of these samples were conducted 
at BL47XU of SPring-8, a synchrotron radiation facility, with ~30-40 nm/voxel and ~70-80 nm/voxel at 
7keV and 8keV in DET and ~100 nm/voxel at 8keV in SIXM. 

We found new lithologies that we named L4, L5 and L6 in H1 and H3 in addition to L1 and L2. L4. L5 and 
L6 are mainly composed of probably phyllosilicates with different Fe contents. Sulfide and framboidal 
magnetite were recognized in L4. L5 includes magnetite and carbonate and L6 includes anhydrous 
silicates having cracks inside. L1, L2, L4 and L5 are porous while few voids were observed in L6. L4 
adjoins to L1 with boundary, which is not very distinct. L2, L5 and L6 adjoin to each other, and the 
boundaries of L6 with L2 and L5 are clear. In H5, coarse mineral grains (“5-10 mm) such as Fe-metal and 
enstatite are present in L1 and L2. L1-L2 boundary is not sharp in 3D. 

In conclusion, we found a variety of lithologies by 3D observation for the first time, suggesting that the MIL 
090657 meteorite experienced complex alteration and aggregation histories. As L2 is dominated by 
amorphous silicates, which are extremely susceptible to aqueous alteration, this is presumed to be the 
most primitive lithology. The contact between L2 and phyllosilicate-bearing lithologies (L5 and L6) with 
clear boundaries indicates that they were aggregated after aqueous alteration of L5 and L6. The indistinct 
boundary between L1 and L2 is suggesting that these two lithologies might originally be the same 
aggregate composed of amorphous silicates and coarse mineral grains. L1 might have experienced weak 
aqueous alteration followed by mild thermal alteration [2], while L2 did not undergo aqueous alteration. 
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